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(54) LATENCY COMPENSATION FOR IMAGE PROCESSING DEVICES

(57) The present invention relates to latency com-
pensation for image processing devices. In order to as-
sign overlay data to frames of a raw image stream (210),
past frames within a selection of frames of the raw image
stream are considered, which past frames already un-
derwent image processing. A current frame of the raw
image stream (210) is compared to the past frames con-
tained in the selection of frames, and that one of the past

frames is identified that is most similar to the current
frame. Overlay data from the identified past frame are
chosen and assigned to the current frame. Thus, the cur-
rent frame can be presented together with the assigned
overlay data chosen from the most similar past frame
and without the need to wait for the result of a computa-
tionally expensive and time-consuming image process-
ing of the current frame.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to image process-
ing, in particular to an image processing device, to a med-
ical imaging arrangement for processing images, and to
a method for processing images. More particularly, the
present invention relates to image processing of images
that are presented to a user together with overlay data
that are determined by an image processing algorithm.

BACKGROUND OF THE INVENTION

[0002] For several uses and applications, image
frames of a raw image stream are processed to obtain
overlay data that are assigned to the frames of the raw
image stream, while the overlay data are presented to
an operator or a user together with the frames of the raw
image stream. Such an approach may generally be re-
ferred to as augmented imaging.
[0003] For example, in the field of medical imaging de-
vices, interventional guidance applications may be used
to show the position of a device like a catheter tip or stent
with respect to the body of a person. In such applications,
information about the device may be generated by an
image processing algorithm and presented to an opera-
tor/user together with the raw image stream obtained
from an image source like an X-ray or the like. The added
information may be referred to as overlay data. The over-
lay data may highlight or emphasize the contours of the
device or may be any other information obtained from
the frames of the raw image stream. For example, in car-
diac applications, a stent position may be visually en-
hanced in relation to a vessel wall.
[0004] The overlay data are typically generated by an
image processing algorithm. However, it takes a certain
time to determine or generate the overlay data so that
there may be a time lag between capturing the frames
of the raw image stream and presenting the frames to-
gether with the assigned overlay data to a user.

SUMMARY OF THE INVENTION

[0005] There may thus be a need for reducing the time
lag between capturing the raw image stream and pre-
senting the frames of the raw image stream together with
overlay data to an operator/user.
[0006] The object of the present invention is solved by
the subject-matter of the independent claims; further em-
bodiments are incorporated in the dependent claims. It
should be noted that the following described aspects of
the invention apply also for the image processing device,
for the medical imaging arrangement for processing im-
ages, and for the method for processing images.
[0007] According to the present invention, an image
processing device is provided. The image processing de-
vice comprises a processor, a data memory, an input

interface, and an output interface. The input interface pro-
vides a raw image stream with a plurality of frames to the
processor. The output interface provides an output image
stream to a display. The processor is configured to: re-
ceive the raw image stream; process the frames of the
raw image stream to thereby obtain a processed image
stream, wherein the processed image stream is com-
posed of the raw image stream and overlay data contain-
ing additional information compared to the raw image
stream; provide the raw image stream and the overlay
data to the data memory; generate a selection of frames
of past frames of the raw image stream, wherein the se-
lection of frames has a predetermined size and contains
a number of past frames corresponding to the predeter-
mined size; compare a current frame of the raw image
stream with at least some frames of the selection of
frames; determine a similarity value for the current frame
and at least some frames of the selection of frames; iden-
tify that frame of the selection of frames with the highest
similarity value to the current frame; assign the overlay
data from the identified frame of the selection of frames
to the current frame; and generate the output image
stream based on the current frame and the assigned
overlay data from the identified frame of the selection of
frames.
[0008] This provides an output image stream that con-
tains overlay data assigned to the data of the captured
raw image stream. At least in a first stage, the overlay
data of a current frame are the result of a similarity com-
parison between the current frame of the raw image
stream and past frames of the raw image stream that
already underwent image processing. From those past
frames of the raw image stream, that one of the frames
is selected that is most similar to the current frame. Then,
the overlay data of that most similar frame is selected
and the selected overlay data is assigned to the current
frame. The most similar frame of the past frames is con-
sidered the closest visual substitute for the current frame.
Therefore, it can be assumed that the overlay data of the
closest visual substitute also match to the current frame.
Instead of waiting for the processing results of a compu-
tationally expensive and time-consuming image process-
ing algorithm that generates the overlay data for the cur-
rent frame, the overlay data of the most similar past frame
is selected to be presented together with the current
frame. The operation of comparing the current frame of
the raw image stream to past frames of the raw image
stream may require far less computing power than the
image processing algorithm. Therefore, the overlay data
selected from the most similar past frame is available for
presentation to an operator/user sooner than the results
of the image processing algorithm. Thereby, a time lag
of presenting the frames of the raw image stream togeth-
er with overlay data is reduced.
[0009] According to an embodiment, the processor is
configured to determine the selection of frames of the
raw image stream by applying a sliding window algorithm
to past frames of the raw image stream that passed an
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image processing algorithm.
[0010] In this embodiment, the selection of frames is
composed of frames of the raw image stream that already
underwent processing by an image processing algorithm
to generate the relating overlay data. Based on these
frames, a selection of frames is generated as a basis for
the comparison with the current frame. The sliding win-
dow algorithm may select the most recent ones of the
frames that were processed by the image processing al-
gorithm. This approach may result in high similarity be-
tween the frames of the selection of frames and the cur-
rent frame.
[0011] According to an embodiment, the processor is
configured to generate the overlay data based on the
frames of the raw image stream and/or quantity values
derived from the frames of the raw image stream.
[0012] According to an embodiment, the processor is
configured to add the determined similarity value of the
identified frame of the selection of frames with the highest
similarity value to the output image stream.
[0013] In this embodiment, an operator is provided with
information about the degree of similarity between the
current frame and the most similar past frame. This de-
gree of similarity may indicate the degree of accuracy of
the overlay data of the past frame presented together
with the current frame.
[0014] According to an embodiment, the processor is
configured to compare the similarity value of the identified
frame with the highest similarity value to a similarity
threshold value and generate the output image stream
to indicate if the similarity value is smaller than the sim-
ilarity threshold value or equal to or larger than the sim-
ilarity threshold value.
[0015] In this embodiment, the operator/user is provid-
ed with information about the degree of similarity be-
tween the current frame and the most similar past frame.
This information may be an indicator for the level of ac-
curacy of the overlay data.
[0016] According to an embodiment, no overlay data
are selected from the past frames to be presented to an
operator/user together with the current frame if the sim-
ilarity value is smaller than a predetermined similarity
threshold value. The rationale behind this is to avoid pre-
senting overlay data from past frames that are, to a cer-
tain extent, different from the current frame.
[0017] According to an embodiment, the processor is
configured to compare the overlay data that were as-
signed to a first frame of the raw image stream based on
the selection of frames with overlay data resulting from
an image processing algorithm applied to the first frame.
[0018] In this embodiment, the overlay data that were
assigned to a first frame based on the similarity compar-
ison with the past frames is compared to the overlay data
that are generated by an image processing algorithm
based on that first frame. This approach enables com-
paring the level of correspondence between the initially
assigned overlay data and the finally determined overlay
data. The operator/user of the image processing device

or of a medical imaging arrangement comprising such
an image processing device may decide based on this
information whether or not to use the overlay data esti-
mation process (i.e., identifying overlay data based on
the similarity between the current frame and a past frame)
with reduced time lag or if the operator/user prefers to
wait for the overlay data actually resulting from a time-
consuming image processing algorithm.
[0019] According to the present invention, also a med-
ical imaging arrangement for processing images is pro-
vided. The medical imaging arrangement comprises an
image sensor, a display, and an image processing device
as described in one or more embodiments above and
hereinafter. The image sensor is communicatively cou-
pled to the image processing device to provide a raw
image stream to the image processing device and the
display is communicatively coupled to the image
processing device to receive an output image stream
from the image processing device.
[0020] According to an embodiment, the imaging sys-
tem is an X-ray system, a magnetic resonance imaging,
MRI, device, a tomography device, an echocardiography
device, an ultrasound device, a photoacoustic imaging
device, or the like.
[0021] The image sensor may be any device suitable
for capturing images in accordance to the technology of
a particular imaging system. The image sensor may be
a device that is specifically designed for a certain imaging
system technology. However, the image sensor may pro-
vide the raw image stream in accordance with known
standards so that an interface between the image sensor
and the image processing device is standardized and
does not need to be adapted to different imaging tech-
nologies. Nonetheless, the image processing device may
contain proprietary interfaces to be communicatively
coupled to different image sensors.
[0022] The display may be any type of device suitable
for visually displaying information to a human opera-
tor/user. For example, the display may be a monitor or a
plurality of monitors.
[0023] Of course, the principles as presented with re-
spect to the image processing device apply to the medical
imaging arrangement.
[0024] According to the present invention, also a meth-
od for processing images is provided. The method com-
prises the following steps: receiving a raw image stream
with multiple frames; processing the frames of the raw
image stream to thereby obtain a processed image
stream, wherein the processed image stream is com-
posed of the raw image stream and overlay data contain-
ing additional information compared to the raw image
stream; providing the raw image stream and the overlay
data to a data memory; generating a selection of frames
of past frames of the raw image stream, wherein the se-
lection of frames has a predetermined size and contains
a number of past frames corresponding to the predeter-
mined size; comparing a current frame of the raw image
stream with at least some frames of the selection of
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frames; determining a similarity value for the current
frame and at least some frames of the selection of frames;
identifying that frame of the selection of frames with the
highest similarity value to the current frame; assigning
the overlay data from the identified frame of the selection
of frames to the current frame; generating an output im-
age stream based on the current frame and the assigned
overlay data from the identified frame of the selection of
frames.
[0025] Functional features described above with refer-
ence to embodiments of the image processing device
may be implemented as method steps of the method for
processing images.
[0026] Furthermore, a computer program element is
provided. The computer program element is configured
for controlling an image processing device as described
herein, which, when being executed by a processing unit,
is adapted to perform the method steps of a method for
processing images described herein.
[0027] Last, a computer readable medium is provided
having stored the computer program element thereon.
[0028] According to an aspect, the devices and meth-
ods described herein relate to latency compensation for
image processing devices. In order to assign overlay data
to frames of a raw image stream, past frames within a
selection of frames of the raw image stream are consid-
ered, which past frames already underwent image
processing by an image processing algorithm. A current
frame of the raw image stream is compared to the past
frames contained in the sliding window, and that one of
the past frames is identified that is most similar to the
current frame. Overlay data from the identified past frame
are chosen and assigned to the current frame. Thus, the
current frame can be presented together with the as-
signed overlay data chosen from the most similar past
frame and without the need to wait for the result of a
computationally expensive and time-consuming image
processing of the current frame.
[0029] These and other aspects of the present inven-
tion will become apparent from and be elucidated with
reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Exemplary embodiments of the invention will be
described in the following with reference to the following
drawings:

Fig. 1 schematically shows an image processing de-
vice according to an embodiment.
Fig. 2 schematically shows an imaging arrangement
according to an embodiment.
Fig. 3 schematically shows a raw image stream and
a time lag resulting from an image processing algo-
rithm applied to the frames of the raw image stream.
Fig. 4 schematically shows assigning overlay data
of past frames to a current frame of a raw image
stream.

Fig. 5 schematically shows assigning overlay data
of past frames to a current frame of a raw image
stream.
Fig. 6 schematically shows comparing the assigned
overlay data of a frame to generated overlay data of
that frame.
Fig. 7 schematically shows the steps of a method for
processing images according to an embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0031] Certain embodiments will now be described in
greater details with reference to the accompanying draw-
ings. In the following description, like drawing reference
numerals are used for like elements, even in different
drawings. The matters defined in the description, such
as detailed construction and elements, are provided to
assist in a comprehensive understanding of the exem-
plary embodiments. Also, well-known functions or con-
structions are not described in detail since they would
obscure the embodiments with unnecessary detail.
Moreover, expressions such as "at least one of’, when
preceding a list of elements, modify the entire list of ele-
ments and do not modify the individual elements of the
list.
[0032] Fig. 1 schematically shows an embodiment of
an image processing device 10.
[0033] The device 10 comprises a processor 20, a data
memory 30, an input interface 40, and an output interface
50. The input interface 40 is configured to provide a raw
image stream with a plurality of frames to the processor
20. The output interface 50 is configured to provide an
output image stream to a display. The processor 20 is
configured to receive the raw image stream, process the
frames of the raw image stream to thereby obtain a proc-
essed image stream, wherein the processed image
stream is composed of the raw image stream and overlay
data containing additional information compared to the
raw image stream, provide the raw image stream and
the overlay data to the data memory 30, generate a se-
lection of frames of past frames of the raw image stream,
wherein the selection of frames has a predetermined size
and contains a number of past frames corresponding to
the predetermined size, compare a current frame of the
raw image stream with at least some frames of the se-
lection of frames, determine a similarity value for the cur-
rent frame and at least some frames of the selection of
frames, identify that frame of the selection of frames with
the highest similarity value to the current frame, assign
the overlay data from the identified frame of the selection
of frames to the current frame, and generate the output
image stream based on the current frame and the as-
signed overlay data from the identified frame of the se-
lection of frames.
[0034] A basic aspect of this approach is to compen-
sate for latency that is introduced by computational de-
manding and/or time-consuming image processing algo-
rithms applied to frames of an image stream. For exam-
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ple, if additional information, i.e., the overlay data, are to
be rendered into an image stream, this process requires
a certain amount of time. Depending on the image
processing algorithms, the time lag introduced by the im-
age processing stream may be significant. For some ap-
plications, a time lag of several seconds may be unde-
sirable or inacceptable, e.g. medical imaging devices.
[0035] The compensation of the latency is done by
comparing current image frames of a real-time image
stream, i.e., the raw image stream, with past frames of
the same real-time image stream that already underwent
the image processing algorithm to determine the overlay
data. The overlay data may be results of the image
processing algorithm, wherein the results are rendered
into the individual frames of the real-time image stream.
For diagnostic imaging processes, additional information
is rendered into the raw image stream, for example a
catheter tip or stent, to make visual inspection of the dis-
played image frames easier and more comfortable.
When the catheter tip is moved, latency between the tip
movement and the processed image stream is intro-
duced because rendering the information relating to the
catheter tip into the raw image stream is a process that
is computationally costly.
[0036] The raw image stream comprises multiple
frames. The most recent frame is referred to as current
frame. However, in order to render the additional infor-
mation into the current frame, a certain amount of
processing time is required which introduces time lag.
[0037] The raw image stream originates from an image
source, e.g., a fluoroscopy imaging device like an X-ray,
magnetic resonance imaging device, ultrasonic device
and the like. The raw image stream may also be a re-
corded image stream originating from a data storage.
[0038] At least some or all past frames of the raw image
stream and the assigned overlay data are at least tem-
porarily stored in the data memory 30. A selection of
frames of the raw image stream are considered for being
compared with the current frame of the raw image stream.
Comparing two images, i.e., comparing the current frame
of the raw image stream with at least one, more, or each
of the selection of past frames of the raw image stream,
requires far less computation time than image processing
operations. The current frame of the raw image stream
is compared to at least one, some, or each of the frames
of the selection of past frames of the raw image stream.
Thus, multiple image comparison operations are carried
out, wherein a respective image comparison operation
is applied to two images, i.e., the current frame and one
past frame. For at least some of these image comparison
operations, a similarity value is calculated for the pair of
compared frames. Then, the pair of frames with the high-
est similarity is selected to identify a past frame that is
most similar to the current frame. Based on the identified
most similar past frame, the overlay data rendered into
that (past) frame is selected from the data memory and
also rendered into the current frame of the raw image
stream. The additional information that is rendered into

the frames of the raw image stream is referred to as over-
lay data. The frames of the raw image stream and the
overlay data are presented to an operator of an imaging
device.
[0039] For example, in cardiac applications, this ap-
proach helps to visually enhance the catheter tip in rela-
tion to a vessel wall with a small time lag. The visually
enhanced optical characteristics are overlaid to the
frames of the raw image stream to highlight or emphasize
features of the frames of the raw image stream. This com-
position of optical features, i.e., frames of the raw image
stream and the additional optical characteristics, are re-
ferred to as processed image stream.
[0040] Comparing the current frame of the raw image
stream with the past frames of the raw image stream can
be done by any applicable image comparing algorithm.
For example, at least some of structures, lines, shapes,
brightness appearing in those frames can be taken into
consideration in order to calculate a similarity value. For
example, the similarity value can be calculated by sum
of squared differences between intensity values of the
frames. It is assumed that the image processing results
of similar frames are similar. This is why the additional
information rendered into a past frame can be rendered
into the current frame if the current frame is identical or
similar (to a certain degree) to said past frame.
[0041] In one embodiment, the comparison may be
done by using only a selected part or selected region of
the past frames. For example, the selected region around
the overlay data is considered for comparison with the
current frame. The selected region around the overlay
data may be defined as that region of a past frame where
the overlay data is located. The selected region is larger
than the overlay data. Furthermore, in the comparison
process, an image transformation like a shift between a
region of interest of the past images with respect to the
current frame may be determined. When assigning the
overlay data of a past frame to the current frame, the
transformation may also be applied to the overlay data.
[0042] In other words, the invention proposes to com-
pare a current frame to a selection of past frames that
already underwent image processing and is assigned to
overlay data, identify that one of the past frames that is
most similar to the current frame, and compose an output
image stream based on the current frame and the overlay
data of the most similar past frame.
[0043] Fig. 2 exemplarily shows a medical imaging ar-
rangement 100. The imaging arrangement 100 compris-
es an image sensor 60, an image processing device 10,
for example the device described with reference to Fig.
1, and a display 70. The image sensor 60 is communi-
catively coupled to the image processing device to pro-
vide a raw image stream to the image processing device.
Particularly, the image sensor 60 provides the raw image
stream to an input interface 40 of the image processing
device 10 and the input interface provides the raw image
stream to the processor 20. For example, the image sen-
sor 60 may be coupled to the image processing device
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10 by a wired or wireless connection. In one embodiment,
the image sensor 60 and the image processing device
10 may be connected by a data transmission network
that is comprises of multiple segments of which some
may be wired segments and others may be wireless seg-
ments. The display 70 is communicatively coupled to the
image processing device 10 to receive an output image
stream from the image processing device. For the com-
municative coupling of the display 70 and the device 10,
the same principles apply as described with reference to
the coupling of the image sensor 60 and the image
processing device 10.
[0044] It is noted that the imaging system 100 of Fig.
2 may comprise the image processing device 10 de-
scribed with reference to any embodiment or example
contained herein.
[0045] According to an embodiment, the imaging sys-
tem 100 is an X-ray system, a magnetic resonance im-
aging, MRI, device, a tomography device, an echocardi-
ography device, an ultrasound device, a photoacoustic
imaging device, or the like.
[0046] The image sensor 60 may be any device suit-
able for capturing images in accordance to the technol-
ogy of a particular imaging system. The image sensor 60
may be a device that is specifically designed for a certain
imaging system technology. However, the image sensor
60 may provide the raw image stream in accordance with
known standards so that an interface between the image
sensor 60 and the image processing device 10 is stand-
ardized and does not need to be adapted to different
imaging technologies. Nonetheless, the image process-
ing device may contain proprietary interfaces to be com-
municatively coupled to different image sensors.
[0047] The principles of image processing as imple-
mented by the image processing device 10 and the meth-
od for image processing disclosed herein are further de-
scribed with reference to Fig. 3 to Fig. 6.
[0048] Fig. 3 shows a raw image stream 210 with mul-
tiple frames numbered from 1 to 17 in accordance with
the time these frames are captured and/or provided to
the image processing device. In other words, frame 1 is
provided first, then, after a certain amount of time, frame
2 is provided, etc. When applying an image processing
algorithm to the individual frames in order to generate
overlay data for the frames, this operation requires a cer-
tain amount of time depending on the complexity of the
image processing algorithm. The time required for finish-
ing image processing for a frame is indicated by the time
lag 205. The processed images are the output of an im-
age processing algorithm and overlay data are assigned
to at least some or all frames of the raw image stream.
The overlay data are shown by circles within the individ-
ual frames. However, it is noted that the overlay data may
be any data generated based on the frames of the raw
image stream. Examples of overlay data are provided
above and hereinafter with reference to other examples
and embodiments.
[0049] Fig. 4 shows a raw image stream with eleven

frames and frame 11 being the most recent frame, i.e.,
the current frame. In this embodiment, it is assumed that
frames 1 to 5 of the raw image stream 210 underwent
image processing by the image processing algorithm and
the overlay data for frames 1 to 5 are available, such that
the frames 1 to 5 with the assigned overlay data corre-
spond to the processed images 220.
[0050] In one embodiment and with reference to the
image processing device 10 of Fig. 1, the processor 20
is configured to determine the selection of frames of the
raw image stream by applying a sliding window algorithm
to past frames of the raw image stream that passed an
image processing algorithm.
[0051] The selection of frames corresponds to the slid-
ing window 207 containing five frames (frame 1 to frame
5) of the processed images 220. The current frame, i.e.,
frame 11, of the raw image stream 210 is compared to
at least one, some or all frames that are contained in the
sliding window 207 to determine the most similar frame
within the sliding window. For example, if it is determined
that frame 4 of the sliding window 7 is most similar to the
current frame 11, the overlay data of frame 4 are selected
and assigned to and rendered into the current frame. In
Fig. 4, frame 11 (current frame) and frame 4 (the past
frame that is most similar to the current frame) are shown
with dotted lines for purposes of illustration only and in
order to point out that these two frames are most similar
to each other.
[0052] At least some or each of the frames of the se-
lection of frames of the raw image stream is compared
to the current frame of the raw image stream. The likeli-
hood for finding a similar frame may increase when com-
paring frames that are captured about the same time or
in temporal proximity. Therefore, once a frame is proc-
essed, it is entered into the selection of frames as the
most recent frame that passed image processing. The
entirety of frames of the current image stream that have
passed image processing may be referred to as proc-
essed image stream. Thus, the frames of the processed
image stream are a subset of the raw image stream and
refers to those frames for which the image processing
algorithm has identified the overlay data. The most recent
frame of the processed image stream steps into the se-
lection and the most past frame of the processed image
stream drops out of the selection. In other words, the
sliding window works like a buffer that implements the
first-in-first-out principle.
[0053] In one embodiment, other parameters that are
known to affect the image similarity may be used to select
the past frames contained within the sliding window. For
example, in a periodical process, frames taken during
the same or close to the same point of time with reference
to the periodic process. Specifically, if the current frame
is taken from the human heart and during an end-diastolic
heart phase, the sliding window may contain past frames
that were taken close to or during end-diastolic heart
phase from previous heartbeat cycles.
[0054] Fig. 5 exemplarily shows the scenario that fol-
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lows the scenario shown in Fig. 4. In Fig. 5, the raw image
stream 210 contains twelve frames with frame 12 being
the current frame. At this point in time, one more frame
might have undergone image processing by the image
processing algorithm so that the processed images 220
contain six frames, i.e., frame 1 to frame 6. The sliding
window 207 shifts one position to the right to contain the
most recent five frames, i.e., frame 2 to frame 6. The
current frame 12 is compared to frames 2 to 6 within the
sliding window to identify the most similar frame (in this
embodiment: frame 6) and to then select the overlay data
from that most similar past frame and render the selected
overlay data into frame 12. As can be seen in Fig. 5, the
sliding window contains the most recent frames of the
processed images. In Fig. 5, frame 12 (current frame)
and frame 6 (the past frame that is most similar to the
current frame) are shown with dotted lines for purposes
of illustration only and in order to point out that these two
frames are most similar to each other.
[0055] In the embodiment described with reference to
Fig. 4 and Fig. 5, the size of the sliding window 207 is
five frames. However, it is noted that the size of the sliding
window may be different from this size and may also vary
during operation of the image processing device.
[0056] In one embodiment and with reference to the
image processing device 10 of Fig. 1, the processor 20
is configured to adjust a number of frames within the se-
lection of frames. Hence, the size of the sliding window
is adjusted, i.e., increased or decreased.
[0057] In one embodiment and with reference to the
image processing device 10 of Fig. 1, the processor 20
is configured to generate the overlay data based on the
frames of the raw image stream and/or quantity values
derived from the frames of the raw image stream.
[0058] The overlay data may either highlight elements
contained in the frames of the raw image data or add a
derived quantity to overlay the frames, e.g., cardiac vol-
ume or cardiac dimensions and to be displayed together
with the frames. For example, the complete body of a
structure may be labelled, or an algorithm may process
a frame of the raw image stream and output a quantity
value without labelling individual landmarks in the frame
that lead to said quantity value. Furthermore, in one em-
bodiment, the overlay data may be generated based on
contours contained in the frames of the raw image
stream.
[0059] In one embodiment and with reference to the
image processing device 10 of Fig. 1, the processor 20
is configured to process multiple frames of the raw image
stream 210 in parallel to thereby obtain a respective
frame of the processed image stream 220 from each
processing operation that is executed in parallel.
[0060] Assuming that the processing time per frame of
the raw image stream takes about a constant time, the
processor must be able to process multiple frames in
parallel when the processing time is larger than the time
between two subsequent frames of the raw image stream
in order not to extend the processing time per individual

frame. For example, with a frame rate of 20 to 25 frames
per second and a processing time of the algorithm that
calculates the frames of the processed image stream of
two seconds per frame, the processor must be able to
process 50 frames in parallel in order not to extend the
processing time per individual frame.
[0061] The processor may process at least some or
each frame of the raw image stream in accordance with
the principles set forth herein. However, in case of re-
duced computational power, the processor may process
every second frame (or every third or higher number of
frames) of the raw image stream.
[0062] In one embodiment and with reference to the
image processing device 10 of Fig. 1, the processor 20
is configured to add the determined similarity value of
the identified frame of the selection of frames with the
highest similarity value to the output image stream.
[0063] The selection of past processed frames may
not contain a frame that is absolutely identical to the cur-
rent frame. For this reason, it might be helpful for an op-
erator of an imaging device to know a grade of similarity
between the current frame and the identified most similar
frame of the selection of past frames. This grade of sim-
ilarity may be an indication of how accurate the overlay
data of the past frame fit to the current frame. The simi-
larity value or a percentage value indicating the similarity
between the current frame and the selected past frame
may be displayed on the display 70 together with the
frames of the output image stream.
[0064] In one embodiment and with reference to the
image processing device 10 of Fig. 1, the processor 20
is configured to compare the similarity value of the iden-
tified frame with the highest similarity value to a similarity
threshold value, and generate the output image stream
to indicate if the similarity value is smaller than the sim-
ilarity threshold value or equal to or larger than the sim-
ilarity threshold value.
[0065] This allows for defining a similarity threshold
value which indicates the minimum required similarity in
order to generate minimum reliable output image streams
based on the past frames. In this embodiment, the device
indicates if the similarity between the current frame and
the most similar past frame (of the selection of frames)
is above or below the similarity threshold value. In case
the similarity value is below the similarity threshold value,
the output result may not be reliable to proceed with and
the operator may choose to wait on the results of the
image processing algorithm.
[0066] For example, either similarity value and/or a
symbol may be displayed to indicate if the similarity val-
ues is smaller or greater than the similarity threshold.
[0067] In one embodiment and with reference to the
image processing device 10 of Fig. 1, the processor 20
is configured to stop adding the overlay data to the current
frame if the similarity value is smaller than the similarity
threshold value.
[0068] In this embodiment, the overlay data is not add-
ed to the current frame when the similarity is too low so
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that an operator of the image device is not misled by
possible inaccurate overlay data.
[0069] In one embodiment and with reference to the
image processing device 10 of Fig. 1, the processor 20
is configured to compare the overlay data that were as-
signed to a first frame of the raw image stream based on
the selection of frames with overlay data resulting from
an image processing algorithm applied to the first frame.
[0070] Fig. 6 is based on the embodiment shown in
Fig. 4 and describes this embodiment in more details. As
described with reference to Fig. 4, frame 11 of the raw
image stream 210 is initially assigned the overlay data
of frame 4 that was the most similar frame from the sliding
window 207 at the time when frame 11 was captured or
provided by the image sensor. However, Fig. 6 shows
the scenario at a later time when frame 11 of the raw
image stream 210 was processed by the (time-consum-
ing) image processing algorithm. At the time shown in
Fig. 6, the actual processing result of frame 11 is available
and at this time, the overlay data initially assigned to
frame 11 (see Fig. 4) can be compared to the overlay
data resulting from the image processing algorithm (see
Fig. 6). This comparison allows for determining the ac-
curacy of the initially assigned overlay data. In Fig. 6,
frame 17 is shown with dotted lines for purposes of illus-
tration only and in order to point out that this frame is the
current frame.
[0071] In other words, this embodiment allows for com-
paring the current image frame of the raw image stream
together with the overlay data derived from the selection
of past frames (may be referred to as estimated output)
with the result of said current image frame being proc-
essed by an image processing algorithm (may be re-
ferred to as processed output). The accuracy of the es-
timated output depends on the grade of similarity be-
tween the current frame and the frames of the selection
of past frames. If the past frames have a low level of
similarity to the current frame, then the overlay data se-
lected from the past frames and assigned to the current
frame may also have a low accuracy. On the other hand,
the processing results of the image processing algorithm
are highly accurate. Therefore, this embodiment allows
for determining the accuracy of the initially assigned over-
lay data in view of the overlay data resulting from the
image processing algorithm.
[0072] In more details, a first frame of the raw image
stream is assigned overlay data from a past frame that
meets similarity criteria. This initially assigned overlay
data may be referred to as estimated overlay data. How-
ever, this first frame undergoes image processing and at
some time in the future, the processing results of the
image processing are available. The processing results
contain the computed overlay data based on the first
frame. Then, the computed overlay data (result of the
image processing algorithm) and the estimated overlay
data (selected from the most similar past frame) are com-
pared to each other to determine a similarity between
these different overlay data.

[0073] With further reference to Fig. 3 to Fig. 6, an ap-
proach is described for compensating for visual latency
introduced by image analysis algorithms when their re-
sults are rendered into real-time fluoroscopy. In this ap-
proach, a general method and device is described which
allows to use computational costly image processing al-
gorithms or algorithms hosted in a cloud computation
center without introducing significant additional latency
into the feedback loop. The display of frames and
processing results remain synchronized and real-time al-
though the transmission of images to the cloud may in-
troduce significant latency.
[0074] Therefore, an additional, fast algorithm (the al-
gorithm that compares the current frame to the already
processed past frames) calculates for at least some or
each frame in a sliding window 207 of frames (back in
time) the image similarity to the current frame. The sliding
window is positioned in such a way that for all frames in
the sliding window 207 the processing result is available.
The most similar frame within the sliding window can be
seen as the closest visual substitute for the current frame,
hence it can be assumed that the corresponding process-
ing result is also close to the processing of the current
frame (although the actual processing result of the cur-
rent frame is not available yet). For the current frame the
substitute processing result is overlaid to the original
stream (raw image stream). When the current frame has
been processed (a short time later) the processor com-
pares the initially assigned overlay data (back in time)
with current, true result. A large error may be indicated
at the display to the operator and/or completely disable
assigning overlay data from past frames to the respective
current frame.
[0075] As an application example, during intervention-
al X-ray, the operator may interactively change the posi-
tion of a catheter tip/stent while visually inspecting the
displayed image frames. In many interventional guidance
applications not only the image frames are shown but
also additional information (the overlay data), which is
simultaneously extracted from the images. For example,
in cardiac applications the stent position can be visually
enhanced in relation to the vessel wall working against.
A dedicated processing algorithm may fade out back-
ground noise and unwanted anatomical structures in the
real-time image stream.
[0076] The additional processing by the image
processing algorithm to calculate the overlay data usually
introduces some latency between the tip movement and
the output image stream. Only latency on the order of
several hundreds of milliseconds may be accepted, oth-
erwise catheter tip movements and image information
may no longer be synchronized and make it difficult for
the operator to relate the effect of the tip movement to
the change of the visual image content.
[0077] The approach described herein allows to use
computational costly image processing algorithms
and/or transmission channels (for example connection
between the image sensor 60 and the image processing
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device 10 on the one hand and connection between the
image processing device 10 and the display 70 on the
other hand) without introducing significant latency into
the feedback loop. The display of frames and processing
results remain synchronized and real-time, although the
overall data transmission and processing is on the order
of several seconds per frame.
[0078] In Fig. 4, the segmentation result (result of the
image processing algorithm) of frame 11 is unknown and
the segmentation result of frame 4 is used and assigned
to frame 11. However, after the acquisition of frame 17
(see Fig. 6) the true segmentation result of frame 11 is
known. As depicted in Fig. 6 the substitute overlay data
of frame 4 and the true segmentation result of frame 11
can now be compared to each other and quantitatively
characterized to identify and indicate the accuracy of the
initially assigned overlay data from frame 4 to frame 11.
This indicates how close the overlay data of frame 4 were
to the actually computed overlay data of frame 11. This
step can be executed for the following frames as well and
a sliding average may be presented to an operator/user
as a retrospective quality measure or error measure in
the display together with the current frames and overlay
data. Based on the presented information, the operator
may qualify how good the similarity algorithm has worked
just a few frames before, and if the measure is below a
certain quality threshold, the overlay data taken from the
past frames will no longer be shown, as described with
reference to certain embodiments. If the quality im-
proves, the overlay data may be displayed again.
[0079] In one embodiment, a ventricle within the hu-
man body may be used for the segmentation of the ven-
tricle as a guiding anatomical structure. However, a ven-
tricle is used only for illustration. Any processing task
which is based on individual frames (2D or 3D) can be
used. With a frame rate of 20-25 frames per second and
a processing time of 2 seconds per frame the algorithm
may allow to process 50 frames in parallel without ex-
tending the processing time per individual frame.
[0080] The length of the sliding window can be larger
as described above with reference to one embodiment,
it can also vary over time, e.g., be increased or decreased
over time. The calculation of the similarity measure may
be on the order of several microseconds to meet the real-
time constraints of ultrasound. Also, other similarity met-
rics can be used.
[0081] For cardiac applications, the similarity can be
assessed not only frame by frame but also on the basis
of complete heart cycles, hence the entire sequence of
frames is compared (in one step) or the frame by frame
comparison is guided position of the frames within the
cycle to reduce the overall size of the sliding window.
[0082] The approach described herein may also be
used in Ultrasound applications. In this case, the operator
may not move a catheter tip or stent but a probe which
steers the image formation process.
[0083] Fig. 7 shows an embodiment of a method 300
for processing images. In this embodiment, the method

300 comprises the following steps:

step 310: receiving a raw image stream with multiple
frames
step 320: processing the frames of the raw image
stream to thereby obtain a processed image stream,
wherein the processed image stream is composed
of the raw image stream and overlay data containing
additional information compared to the raw image
stream;
step 330: providing the raw image stream and the
overlay data to a data memory;
step 340: generating a selection of frames of past
frames of the raw image stream, wherein the selec-
tion of frames has a predetermined size and contains
a number of past frames corresponding to the pre-
determined size;
step 350: comparing a current frame of the raw image
stream with at least some frames of the selection of
frames;
step 360: determining a similarity value for the cur-
rent frame and at least some frames of the selection
of frames;
step 370: identifying that frame of the selection of
frames with the highest similarity value to the current
frame;
step 380: assigning the overlay data from the iden-
tified frame of the selection of frames to the current
frame;
step 390: generating an output image stream based
on the current frame and the assigned overlay data
from the identified frame of the selection of frames.

[0084] For the method 300 schematically shown in Fig.
7, the same principles apply as described with reference
to the image processing device 10 and the medical im-
aging arrangement 100 described with reference to Fig.
1 to Fig. 6. Functional features described with reference
to the image processing device 10 and the medical im-
aging arrangement 100 may be implemented as addi-
tional or optional steps of the method 300.
[0085] In one embodiment, the method comprises the
steps of comparing the similarity value of the identified
frame with the highest similarity value to a similarity
threshold value, and generating the output image stream
to indicate if the similarity value is smaller than the sim-
ilarity threshold value or equal to or larger than the sim-
ilarity threshold value.
[0086] In another embodiment, the method comprises
the step of comparing the overlay data that were assigned
to a first frame of the raw image stream based on the
selection of frames with overlay data resulting from an
image processing algorithm applied to the first frame.
[0087] In another exemplary embodiment of the
present invention, a computer program or a computer
program element is provided that is characterized by be-
ing adapted to execute the method steps of the method
according to one of the preceding embodiments, on an
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appropriate system, e.g., when being executed by a
processing unit like the processor 20.
[0088] The computer program element might therefore
be stored on a computer unit or be distributed over more
than one computer units, which might also be part of an
embodiment of the present invention. This computing unit
may be adapted to perform or induce a performing of the
steps of the method described above. Moreover, it may
be adapted to operate the components of the above de-
scribed apparatus. The computing unit can be adapted
to operate automatically and/or to execute the orders of
a user. A computer program may be loaded into a working
memory of a data processor like the processor 20. The
data processor may thus be equipped to carry out the
method of the invention.
[0089] Aspects of the invention may be implemented
in a computer program product, which may be a collection
of computer program instructions stored on a computer
readable storage device which may be executed by a
computer. The instructions of the present invention may
be in any interpretable or executable code mechanism,
including but not limited to scripts, interpretable pro-
grams, dynamic link libraries (DLLs) or Java classes. The
instructions can be provided as complete executable pro-
grams, partial executable programs, as modifications to
existing programs (e.g. updates) or extensions for exist-
ing programs (e.g. plugins). Moreover, parts of the
processing of the present invention may be distributed
over multiple computers or processors.
[0090] As discussed above, the processing unit or
processor 20, for instance a controller, implements the
method as described with reference to some embodi-
ments. The controller can be implemented in numerous
ways, with software and/or hardware, to perform the var-
ious functions required. A processor is one example of
a controller which employs one or more microprocessors
that may be programmed using software (e.g., microco-
de) to perform the required functions. A controller may
however be implemented with or without employing a
processor, and also may be implemented as a combina-
tion of dedicated hardware to perform some functions
and a processor (e.g., one or more programmed micro-
processors and associated circuitry) to perform other
functions.
[0091] Examples of controller components that may be
employed in various embodiments of the present disclo-
sure include, but are not limited to, conventional micro-
processors, application specific integrated circuits
(ASICs), and field-programmable gate arrays (FPGAs).
[0092] This exemplary embodiment of the invention
covers both, a computer program that right from the be-
ginning uses the invention and a computer program that
by means of an up-date turns an existing program into a
program that uses the invention.
[0093] Further on, the computer program element
might be able to provide all necessary steps to fulfil the
procedure of an exemplary embodiment of the method
as described above.

[0094] According to a further exemplary embodiment
of the present invention, a computer readable medium,
such as a CD-ROM, is presented wherein the computer
readable medium has a computer program element
stored on it which computer program element is de-
scribed by the preceding section. A computer program
may be stored and/or distributed on a suitable medium,
such as an optical storage medium or a solid-state me-
dium supplied together with or as part of other hardware,
but may also be distributed in other forms, such as via
the internet or other wired or wireless telecommunication
systems.
[0095] However, the computer program may also be
presented over a network like the World Wide Web and
can be downloaded into the working memory of a data
processor from such a network. According to a further
exemplary embodiment of the present invention, a me-
dium for making a computer program element available
for downloading is provided, which computer program
element is arranged to perform a method according to
one of the previously described embodiments of the in-
vention.
[0096] It has to be noted that embodiments of the in-
vention are described with reference to different subject
matters. In particular, some embodiments are described
with reference to method type claims whereas other em-
bodiments are described with reference to the device
type claims. However, a person skilled in the art will gath-
er from the above and the following description that, un-
less otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any
combination between features relating to different sub-
ject matters is considered to be disclosed with this appli-
cation. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features.
[0097] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive. The invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing a
claimed invention, from a study of the drawings, the dis-
closure, and the dependent claims.
[0098] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single processor
or other unit may fulfil the functions of several items re-
cited in the claims. The mere fact that certain measures
are re-cited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.
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Claims

1. A image processing device (10), comprising:

a processor (20);
a data memory (30);
an input interface (40), configured to provide a
raw image stream (210) with a plurality of frames
to the processor (20);
an output interface (50), configured to provide
an output image stream to a display;
wherein the processor (20) is configured to re-
ceive the raw image stream (210); to process
the frames of the raw image stream (210) to
thereby obtain a processed image stream (220),
wherein the processed image stream (220) is
composed of the raw image stream and overlay
data containing additional information com-
pared to the raw image stream (210); to provide
the raw image stream (210) and the overlay data
to the data memory (30); to generate a selection
of frames of past frames of the raw image
stream, wherein the selection of frames has a
predetermined size and contains a number of
past frames corresponding to the predetermined
size; to compare a current frame of the raw im-
age stream (210) with at least some frames of
the selection of frames; to determine a similarity
value for the current frame and at least some
frames of the selection of frames; to identify that
frame of the selection of frames with the highest
similarity value to the current frame; to assign
the overlay data from the identified frame of the
selection of frames to the current frame; and to
generate the output image stream based on the
current frame and the assigned overlay data
from the identified frame of the selection of
frames.

2. The image processing device (10) according to claim
1, wherein the processor (20) is configured to deter-
mine the selection of frames of the raw image stream
(210) by applying a sliding window algorithm to past
frames of the raw image stream (210) that passed
an image processing algorithm.

3. The image processing device (10) according to claim
2, wherein the processor (20) is configured to adjust
a number of frames within the selection of frames.

4. The image processing device (10) according to one
of the preceding claims, wherein the processor (20)
is configured to generate the overlay data based on
the frames of the raw image stream and/or quantity
values derived from the frames of the raw image
stream.

5. The image processing device (10) according to one

of the preceding claims, wherein the processor (20)
is configured to process multiple frames of the raw
image stream (210) in parallel to thereby obtain a
respective frame of the processed image stream
(220) from each processing operation that is execut-
ed in parallel.

6. The image processing device (10) according to one
of the preceding claims, wherein the processor (20)
is configured to add the determined similarity value
of the identified frame of the selection of frames with
the highest similarity value to the output image
stream.

7. The image processing device (10) according to one
of the preceding claims, wherein the processor (20)
is configured to:

compare the similarity value of the identified
frame with the highest similarity value to a sim-
ilarity threshold value;
generate the output image stream to indicate if
the similarity value is smaller than the similarity
threshold value or equal to or larger than the
similarity threshold value.

8. The image processing device (10) according to claim
7, wherein the processor (20) is configured to stop
adding the overlay data to the current frame if the
similarity value is smaller than the similarity threshold
value.

9. The image processing device (10) according to one
of the preceding claims, wherein the processor (20)
is configured to compare the overlay data that were
assigned to a first frame of the raw image stream
based on the selection of frames with overlay data
resulting from an image processing algorithm ap-
plied to the first frame.

10. A medical imaging arrangement (100) for processing
images, the arrangement comprising:

an image sensor (60);
a display (70); and
an image processing device (10) according to
one of the preceding claims;
wherein the image sensor (60) is communica-
tively coupled to the image processing device
(10) to provide a raw image stream (210) to the
image processing device (10); and
wherein the display (70) is communicatively
coupled to the image processing device (10) to
receive an output image stream from the image
processing device (60).

11. A method (300) for processing images, comprising
the following steps:
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receiving (310) a raw image stream (210) with
multiple frames;
processing (320) the frames of the raw image
stream (210) to thereby obtain a processed im-
age stream (220), wherein the processed image
stream (220) is composed of the raw image
stream and overlay data containing additional
information compared to the raw image stream
(210);
providing (330) the raw image stream (210) and
the overlay data to a data memory (30);
generating (340) a selection of frames of past
frames of the raw image stream, wherein the
selection of frames has a predetermined size
and contains a number of past frames corre-
sponding to the predetermined size;
comparing (350) a current frame of the raw im-
age stream (210) with at least some frames of
the selection of frames;
determining (360) a similarity value for the cur-
rent frame and at least some frames of the se-
lection of frames;
identifying (370) that frame of the selection of
frames with the highest similarity value to the
current frame;
assigning (380) the overlay data from the iden-
tified frame of the selection of frames to the cur-
rent frame; and
generating (390) an output image stream based
on the current frame and the assigned overlay
data from the identified frame of the selection of
frames.

12. The method according to claim 11, further compris-
ing:

comparing the similarity value of the identified
frame with the highest similarity value to a sim-
ilarity threshold value;
generating the output image stream to indicate
if the similarity value is smaller than the similarity
threshold value or equal to or larger than the
similarity threshold value.

13. The method according to claim 11 or 12, further com-
prising:
comparing the overlay data that were assigned to a
first frame of the raw image stream based on the
selection of frames with overlay data resulting from
an image processing algorithm applied to the first
frame.

14. A computer program element for controlling an im-
age processing device (10) according to one of the
claims 1 to 9, which, when being executed by a
processing unit, is adapted to perform the method
steps of one of the claims 11 to 13.

15. A computer readable medium having stored the
computer program element of claim 14.
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